12 United States Patent

Tsuji et al.

US010669852B2

US 10,669,852 B2
Jun. 2, 2020

(10) Patent No.:
45) Date of Patent:

(54) GAS TURBINE
(71) Applicant: MITSUBISHI HITACHI POWER
SYSTEMS, LTD., Kanagawa (IP)

(72) Inventors: Yoshifumi Tsuji, Kanagawa (IP);
Shinya Hashimoto, Kanagawa (IP);

Yasunori Nishioka, Kanagawa (JP)

MITSUBISHI HITACHI POWER
SYSTEMS, LTD., Kanagawa (JP)

(73) Assignee:

Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 1534(b) by 618 days.

Notice:

(%)

(21) 15/304,659

(22)

Appl. No.:

PCT Filed: May 20, 2015

(86) PCT No.: PCT/JP2015/064484

§ 371 (c)(1),

(2) Date: Oct. 17, 2016

PCT Pub. No.: W0O2015/186523
PCT Pub. Date: Dec. 10, 2015

(87)

Prior Publication Data

US 2017/0037730 Al Feb. 9, 2017

(65)

(30) Foreign Application Priority Data

................................. 2014-116167

Jun. 4, 2014 (JP)
(51) Int. CL
FOID 5/08
FOID 25/12

(2006.01)
(2006.01)

(Continued)

(52) U.S. CL
CPC ... FOID 5/081 (2013.01); FOID 5/082
(2013.01); FOID 9/041 (2013.01); FOID

117001 (2013.01);
(Continued)

——————

/f/f //,;fff/:’ff//fff

2 100

(38) Field of Classification Search

CPC ........ FO2C 7/18; FO2C 7/141; FO3D 2260/14;
FOSD 2260/2212; FOSD 2240/126;
(Continued)
(56) References Cited
U.S. PATENT DOCUMENTS
4,217,755 A 8/1980 Williams
4,462,204 A 7/1984 Hull
(Continued)
FOREIGN PATENT DOCUMENTS
JP 4-241744 8/1992
JP 2003-500585 1/2003
(Continued)

OTHER PUBLICATIONS

International Search Report dated Aug. 25, 2015 in International
(PCT) Application No. PCT/JP2015/064484.

(Continued)

Primary Examiner — Kenneth ] Hansen
Assistant Examiner — Justin A Pruitt

(74) Attorney, Agent, or Firm — Wenderoth, Lind &
Ponack, L.L.P.

(57) ABSTRACT

A gas turbine includes: a first cavity inside a stationary body
and supplied with cooling air; a second cavity between the
stationary body and a rotating body; a first cooling passage
between the first and second cavities and having a swirl flow
guide nozzle therein by which the cooling air of the first
cavity 1s supplied to the second cavity while being swirled
along a rotation direction of the rotating body; a second
cooling passage in the rotating body, 1n communication with
the second cavity, and supplied with the cooling air of the
second cavity; and a flow regulating passage, different from
the first cooling passage, between the first cavity and the
second cavity and through which the cooling air 1s supplied

from the first cavity to the second cavity, wherein the tlow
(Continued)
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regulating passage has a tlow regulator for regulating a flow
rate of the cooling air.
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1
GAS TURBINE

TECHNICAL FIELD

The present invention relates to a gas turbine through the
inside of which cooling air flows.

BACKGROUND ART

A gas turbine 1s composed ol a compressor, a combustor,
and a turbine. The compressor compresses air, taken 1n
through an air inlet, into high-temperature, high-pressure
compressed air. The combustor produces high-temperature,
high-pressure combustion gas by supplying fuel to the

compressed air and combusting the mixture. The turbine has
pluralities of turbine vanes and turbine blades installed
alternately along a passage inside a casing, and a turbine
shaft coupled to a generator 1s driven to rotate as the turbine
blades are driven by the combustion gas supplied to the
passage. The combustion gas having driven the turbine 1s
released as exhaust gas into the atmosphere.

The gas turbine has a cooling air system (cooling air
supply means) 1n which the compressed air compressed by
the compressor 1s taken out and cooled by a heat exchanger
(TCA cooler) etc., and then 1s supplied to the turbine side,
at the interface between parts of a rotating body, including
the turbine blades, and fixed parts so as to cool those parts.

Japanese Patent Publication No. 2011-137389 describes a
gas turbine cooling flow passage structure having: a plurality
of cooling medium flow passages that guide a cooling
medium for cooling the rotating body of the gas turbine from
a stationary body toward the rotating body and guide the
cooling medium 1n a rotation direction of the rotating body;
a cooling medium guide part that serves as a partition
between each two of the plurality of cooling medium flow
passages and constitutes a wall surface; and a shroud part
that 1s disposed 1n at least one end part of the cooling
medium guide part. The cooling tlow passage structure 1s
composed of a plurality of segments each having the cooling
medium guide part and the shroud part, with the shape of one
cooling medium guide part 1n at least one segment being
different from the shape of the other cooling medium guide
parts 1n the other segments, and the flow passage sectional
area of the cooling medium flow passage adjacent to that one
cooling medium guide part being different from the tlow
passage sectional area of the cooling medium tlow passages
defined between the other cooling medium guide parts.

Technical Problem

As 1n the cooling flow passage structure shown in Japa-
nese Patent Publication No. 2011-137389, 1t 1s possible to
regulate the amount of cooling air supplied by adjusting the
flow passage sectional area. However, the structure
described 1n Japanese Patent Publication No. 2011-137389
makes the work of regulating the amount of cooling air
supplied complicated as well as difficult.

SUMMARY OF INVENTION

An object of the present invention that solves the above
problem 1s to provide a gas turbine 1n which the amount of
cooling air supplied can be regulated etliciently and easily.

Solution to Problem

To achieve the above object, the present invention pro-
vides a gas turbine 1n which a stationary body and a rotating,
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body are provided and the rotating body 1s supplied with
cooling air, the gas turbine including: a first cavity formed
inside the stationary body and supplied with cooling air; a
second cavity formed between the stationary body and the
rotating body; a first cooling passage formed between the
first cavity and the second cavity and having a swirl tlow
guide nozzle disposed therein by which the cooling air of the
first cavity 1s supplied to the second cavity while being
swirled along a rotation direction of the rotating body; a
second cooling passage formed 1n the rotating body, com-
municating with the second cavity, and supplied with the
cooling air of the second cavity; and a flow regulating
passage which 1s a cooling air flow passage, different from
the first cooling passage, formed between the first cavity and
the second cavity and through which the cooling air 1s
supplied from the first cavity to the second cavity, wherein
the flow regulating passage has flow regulating means for
regulating the flow rate of the cooling arr.

It 1s preferable that a plurality of the swirl flow gumde
nozzles are disposed around an axis of the rotating body, and
that a plurality of the tlow regulating passages are disposed
around the axis of the rotating body.

It 1s preferable that the tlow regulating means i1s a plug
that 1s detachably attached to the flow regulating passage,
and that the plug has a guide hole for the cooling air to tlow
through.

It 1s preferable that, when seen from the axial direction of
the rotating body, the guide hole 1s inclined relative to a line
that passes through the center of the rotating body and
extends 1n the radial direction of the rotating body.

It 1s preferable that, when seen from the axial direction of
the rotating body, the flow regulating passage 1s inclined
relative to a line that passes through the center of the rotating
body and extends in the radial direction of the rotating body.

It 1s preferable that a discharge opening of the flow
regulating passage leading to the second cavity 1s formed in
a surface of the stationary body that extends in the radial
direction and the circumierential direction of a rotational
axis, and that an end part of the flow regulating passage on
the discharge opening side extends in a direction parallel to
the axial direction of the rotating body, or in a direction
inclined toward the rotation direction of the rotating body
relative to the axial direction of the rotating body.

It 1s preferable that a discharge opening of the flow
regulating passage leading to the second cavity 1s formed in
a surface of the stationary body that extends in the axial
direction and the circumierential direction of a rotational
axis, and that an end part of the tlow regulating passage on
the discharge opening side extends in a direction parallel to
the radial direction of the rotating body, or 1n a direction
inclined toward the rotation direction of the rotating body
relative to the radial direction of the rotating body.

It 1s preferable that an opening of the flow regulating
passage on the first cavity side 1s disposed at a position
overlapping a leading edge of the swirl flow guide nozzle 1n
the circumierential direction of the rotating body.

It 1s preferable that the gas turbine further includes a rim
seal space formed between the stationary body and a surface
of the rotating body that extends in the radial direction and
the circumierential direction, and a rim seal air flow regu-
lating passage that 1s a cooling air flow passage, diflerent
from the first cooling passage and the flow regulating
passage, formed between the first cavity and the rim seal
space; and that the rim seal air flow regulating passage has
rim seal air tlow regulating means for regulating the flow
rate of the cooling air supplied from the first cavity to the rim
seal space.
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It 1s preferable that the rim seal air flow regulating means
1s a plug that 1s detachably attached to the rim seal air tlow
regulating passage, and that the plug has a guide hole for the
cooling air to tlow through.

It 1s preferable that an opeming of the rim seal air flow
regulating passage on the first cavity side 1s disposed at a
position overlapping a leading edge of the swirl flow guide
nozzle 1n the circumierential direction of the rotating body.

It 1s preferable that the rim seal air flow regulating passage
1s formed at a position overlapping the flow regulating
passage in the circumierential direction of the rotating body,
and that the stationary body has a maintenance opening
formed at a position located further on the radially outer side
of the rotating body than the rim seal air flow regulating
passage and facing a discharge opening of the rim seal air
flow regulating passage leading to the rim seal space.

Advantageous Effects of Invention

According to the present invention, it 1s possible to
ciiciently and easily regulate the amount of cooling air
supplied by providing the flow regulating passage, which 1s
separate from the flow passage where the swirl flow guide
nozzles are disposed, and regulating the flow rate by the flow
regulating means.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic view representing a gas turbine
according to an embodiment.

FIG. 2 1s a schematic view representing a cooling flow
passage structure of the gas turbine.

FIG. 3 1s a schematic view showing the structure around
swirl flow guide nozzles.

FIG. 4 1s a schematic view showing the arrangement of
first flow regulating passages and second flow regulating
passages.

FIG. 5 1s an enlarged schematic view showing the first
flow regulating passage and the second flow regulating
passage.

FIG. 6 1s an enlarged schematic view showing a plug.

FIG. 7 1s a schematic view representing a cooling flow
passage structure of the gas turbine.

FIG. 8 1s a schematic view representing a cooling flow
passage structure of the gas turbine.

FIG. 9 1s a schematic view representing a cooling flow
passage structure of the gas turbine.

DESCRIPTION OF EMBODIMENTS

In the following, a preferred embodiment of the present
invention will be described in detail with reference to the
accompanying drawings. However, the present mnvention 1s
not limited by this embodiment, and if there are a plurality
of embodiments, the present invention also includes com-
binations of such embodiments.

FIG. 1 1s a schematic view representing a gas turbine
according to this embodiment. As shown 1n FIG. 1, a gas
turbine 10 1s composed of a compressor 11, a combustor 12,
and a turbine 13. The gas turbine 10 can generate electrical
power with a generator coupled thereto.

The compressor 11 has an air inlet 21 through which air
1s taken 1n, and pluralities of vanes 23 and blades 24 installed
alternately in a front-rear direction (an axial direction of a
rotor 32 to be described later) inside a compressor casing 22,
with a bleed air chamber 25 provided on the outer side of the
compressor casing 22. The combustor 12 supplies fuel to the
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compressed air compressed 1n the compressor 11 and 1gnites
the fuel to combust the mixture. The turbine 13 has plurali-
ties of vanes 27 and blades 28 installed alternately in the
front-rear direction (the axial direction of the rotor 32 to be
described later) inside a turbine casing 26. On the down-
stream side from the turbine casing 26, an exhaust chamber
30 1s 1nstalled through an exhaust casing 29, and the exhaust
chamber 30 has an exhaust diffuser 31 that continues to the
turbine 13.

The rotor (turbine shatt) 32 i1s disposed so as to penetrate
center parts ol the compressor 11, the combustor 12, the
turbine 13, and the exhaust chamber 30. The rotor 32 has one
end on the side of the compressor 11 rotatably supported by
a bearing 33 and the other end on the side of the exhaust
chamber 30 rotatably supported by a bearing 34. A stack of
a plurality of discs with the blades 24 mounted thereon 1is
fixed to the rotor 32 in the compressor 11, and a stack of a
plurality of discs with the blades 28 mounted thereon 1s fixed
to the rotor 32 in the turbine 13, and a driving shaift of the
generator 1s coupled to the end of the rotor 32 on the side of
the compressor 11.

Of the gas turbine 10, the compressor casing 22 of the
compressor 11, the turbine casing 26 of the turbine 13, and
the exhaust chamber 30 are respectively supported by legs
35, 36, 37.

A ring-shaped combustion gas passage 40 1s formed on
the mner side of the turbine casing 26, and the pluralities of
vanes 27 and blades 28 are installed alternately in the
combustion gas passage 40 along a combustion gas tlow
direction. Specifically, the vane 27 of each stage 1s com-
posed of a plurality of vanes 41 that are disposed at equal
intervals 1n the circumierential direction and fixed to the
turbine casing 26. The blade 28 of each stage 1s composed
of a plurality of blades 42 that are disposed at equal intervals
in the circumierential direction and fixed to the rotor 32.

Accordingly, air taken 1n through the air inlet 21 of the
compressor 11 1s compressed into high-temperature, high-
pressure compressed air by passing through the pluralities of
vanes 23 and blades 24. In the combustor 12, a predeter-
mined fuel 1s supplied to the compressed air and the mixture
1s combusted. Then, the high-temperature, high-pressure
combustion gas, which 1s a working fluid generated 1n the
combustor 12, passes through the pluralities of vanes 27 and
blades 28 of the turbine 13, thereby driving the rotor 32 to
rotate and driving the generator coupled to the rotor 32.
Meanwhile, the energy of the exhaust gas (combustion gas)
1s released 1nto the atmosphere after being converted 1nto a
pressure and decelerated by the exhaust diffuser 31 of the
exhaust chamber 30.

Next, the cooling flow passage structure of the gas turbine
will be described using FIG. 2 to FIG. 6. FIG. 2 15 a
schematic view representing the cooling flow passage struc-
ture of the gas turbine. FIG. 3 1s a schematic view showing
the structure around swirl flow guide nozzles. FIG. 4 1s a
schematic view showing the arrangement of first flow regu-
lating passages and second flow regulating passages. FIG. 5
1s an enlarged schematic view showing the first flow regu-
lating passage and the second flow regulating passage. FIG.
6 1s an enlarged schematic view showing a plug.

A cooling flow passage structure 50 i1s configured such
that the compressed air compressed by the compressor 11 of
the gas turbine 10 1s supplied as cooling air after being
cooled by a cooling mechanism, such as a TCA cooler. The
cooling tflow passage structure 30 allows the cooling air
supplied thereto to flow to parts of the gas turbine 10,
especially parts 1n the vicinity of the combustor 12, and cool
those parts that are heated by the combustion gas.
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The cooling flow passage structure 50 1s a tlow passage
for cooling air to flow through that 1s formed 1n each of a
rotating body 51 and a stationary body 352 and in a space
between the rotating body 51 and the stationary body 52.
Here, the rotating body 51 includes the rotor 32, the blades
28, etc. In FIG. 2, the rotor 32 and a first-stage blade 54 of
the rotating body 51 are shown. The stationary body 32
includes the vanes 27, the casing supporting the vanes 27,
etc. In FIG. 2, among the vanes 27, a first-stage vane 535 on
the upstream side 1n the combustion gas flow direction from
the first-stage blade 54 1s shown. A transition piece 56 of the
combustor 12 1s disposed on the upstream side of the
combustion gas from the position where the first-stage vane
55 1s disposed.

The cooling flow passage structure 50 has a supply
passage 60, a first cavity 62, a second cavity 64, a first
cooling passage 66, a second cooling passage 67, a third
cooling passage 69, a cooling space 70, a bypass space 72,
a jumper tube 74, and a rim seal space 75.

The supply passage 60 1s a pipe that 1s connected to the
stationary body 52 and supplies cooling air into the station-
ary body 32. The first cavity 62 1s a space connected to the
supply passage 60 and formed 1nside the stationary body 52.
The first cavity 62 extends around the entire rotating body 51
in the rotation direction (circumierential direction). The first
cavity 62 may be a space divided into a plurality of parts 1n
the rotation direction (circumierential direction), or may be
a single space. The second cavity 64 1s a space formed
between the first cavity 62 and the first-stage blade 54 1n the
axial direction of the rotating body 51, in a region sur-
rounded by the rotating body 51 and the stationary body 52.
The second cavity 64 extends around the entire rotating
body 51 in the rotation direction (circumierential direction).
The second cavity 64 may be a space divided into a plurality
of parts 1n the rotation direction (circumierential direction),
or may be a single space.

The first cooling passage 66 is a passage that connects the
first cavity 62 and the second cavity 64 to each other. The
first cooling passage 66 1s a ring-shaped pipeline formed
around the axis of the rotating body 51, with the end on the
side of the first cavity 62 being an opeming 90 and the end
on the side of the second cavity 64 being a discharge
opening 92. As shown in FIG. 3, the first cooling passage 66
has swirl flow guide nozzles 79 disposed therein at prede-
termined intervals 1n the circumierential direction. The swirl
flow guide nozzle 79 1s a so-called TOBI nozzle. Here, TOBI
1s an acronym standing for tangential on-board injection.
The swirl tlow guide nozzle 79 imparts a component of tlow
velocity 1n the rotation direction to cooling air (cooling
medium), which flows from the first cavity 62 into the
second cavity 64, by accelerating the cooling air in the
rotation direction of the rotating body 51 while expanding
the cooling air.

As shown 1n FIG. 3, the swirl flow guide nozzle 79 has a
shape that 1s tapered from an end surface 79a on the
upstream side 1n a cooling air flow direction 44 toward the
downstream side, and 1s disposed at an angle to a rotation
direction 48. The cooling air flowing through the first
cooling passage 66 flows between the swirl flow guide
nozzles 79, and the flow direction 44 1s inclined toward the
rotation direction 48 while the cooling air 1s passing between
the swirl flow guide nozzles 79. The shape of the swirl flow
guide nozzle 79 1s not particularly limited as long as the
swirl tlow guide nozzle 79 can impart a component of flow
velocity 1n the rotation direction and expand atr.

The second cooling passage 67 1s formed in the rotating
body 51 and communicates with the second cavity 64. The
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second cooling passage 67 supplies the cooling air, having
been supplied to the second cavity 64, to parts inside the
rotating body 51. Specifically, the second cooling passage 67
1s connected to a passage formed 1nside the first-stage blade
54 and supplies the cooling air into the first-stage blade 54.
The second cooling passage 67 also supplies the cooling air
to parts of the blades 1n the second and subsequent stages.

The third cooling passage 69 1s formed through the
surface on the radially inner side of the first cavity 62 and
communicates with the cooling space 70. Swirl tlow guide
nozzles are provided 1n the third cooling passage 69 as in the
first cooling passage 66. Accordingly, air supplied to the
cooling space 70 forms a flow with a component of flow
velocity 1n the rotation direction imparted thereto.

The cooling space 70 1s a space formed between the
rotating body 51 and the stationary body 52, and 1s formed
further on the side of the supply passage 60 than the second
cavity 64 1n an axial direction 46. The cooling space 70 1s
supplied with the cooling air of the first cavity 62 through
the third cooling passage 69. The cooling space 70 cools the
surrounding rotating body 51 and stationary body 32 by
being supplied with the cooling air.

The bypass space 72 1s a space formed between the
rotating body 51 and the stationary body 32, and 1s formed
between the cooling space 70 and the second cavity 64. In
the bypass space 72, sealing mechanisms 80, 81, 82 that seal
the gap between the rotating body 51 and the stationary body
52 are disposed. The sealing mechamsms 80, 81, 82 are
labyrinth seals. Although the sealing mechanisms 80, 81, 82
are provided in the bypass space 72, a part of air flows from
the cooling space 70 toward the second cavity 64 due to a
pressure difference.

The jumper tube 74 1s formed 1n the stationary body 52
and connected to the space between the sealing mechanism
82 of the bypass space 72 and the second cavity 64. The
jumper tube 74 1s a pipeline and communicates with the rim
seal space 73.

The rim seal space 75 1s a space formed between the
stationary body 52 and the surface of the rotating body 51
that extends in the radial direction and the circumierential
direction, specifically, the surface of the rotating body 51 on
the side of the first cavity 62 that extends in the radial
direction 1n a part where the rotor 32 and the first-stage vane
55 communicate with each other. The rim seal space 75 1s
formed further on the radially outer side than the second
cavity 64. A sealing mechanism 83 1s disposed between the
rim seal space 75 and the second cavity 64. An opening of
the jumper tube 74 1s formed in the surface of the stationary
body 52 mside the rim seal space 75. That 1s, the rim seal
space 75 communicates with the jumper tube 74. The rim
seal space 75 extends around the entire rotating body 51 1n
the rotation direction 48 (circumierential direction 49). The
rim seal space 75 may be a space divided into a plurality of
parts in the rotation direction 48 (circumierential direction
49), or may be a single space.

The cooling flow passage structure 50 of this embodiment
turther has first tflow regulating passages 76 and second tlow
regulating passages (rim seal air flow regulating passages)
78. The first flow regulating passages 76 are cooling air tlow
passages that are diflerent from the first cooling passage 66
where the swirl flow guide nozzles 79 are disposed. As
shown i1n FIG. 4, the plurality of first flow regulating
passages 76 are formed at predetermined intervals in the
rotation direction 48 (circumierential direction 49) of the
rotating body 31.

The first flow regulating passage 76 1s a pipeline formed
between the first cavity 62 and the second cavity 64. One end
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of the first flow regulating passage 76 on the side of the first
cavity 62 1s an opening 100, and the other end on the side
of the second cavity 64 1s a discharge opeming 102. The first
flow regulating passage 76 1s inclined toward the rotation
direction relative to the radial direction.

The first flow regulating passage 76 has a tlow passage
main body (plug hole) 76a, and a plug 765 that 1s detachably
provided in the flow passage main body 76a. The flow
passage main body 76a 1s a hole penetrating the stationary
body 52, and provides communication between the first
cavity 62 and the second cavity 64. The tflow passage main
body 76a has a structure for supporting the plug 765, for
example, a threaded hole or concave and convex shapes. As
shown 1n FIG. 4 to FIG. 6, the plug 765 1s a bolt, pin, or the
like that 1s detachably attached to the flow passage main
body 76a. The plug 765 has a guide hole 76c¢ that penetrates
the plug 765 1n a direction along the flow passage main body
70a.

With the plug 765 inserted into the flow passage main
body 76a, the first tlow regulating passage 76 allows cooling
air to be supplied from the first cavity 62 to the second cavity
64 by passing through the guide hole 76¢. By being inclined
toward the rotation direction, the first flow regulating pas-
sage 76 can impart a component of velocity 1n the rotation
direction to the cooling air supplied to the second cavity 64.
It 1s possible to adjust the tlow passage resistance of the first
flow regulating passage 76 and the ease with which the
cooling air passes therethrough by adjusting the area or the
position of the guide hole 76c¢ of the plug 765 1nserted into
the flow passage main body 76a. The area of the guide hole
76¢, which 1s the opening area of the hole, can be adjusted
by changing the diameter or the side length of the opening.
The area of the guide hole 76¢ of the first flow regulating
passage 76 can be changed by changing the plug 766
inserted 1nto the flow passage main body 76a. Alternatively,
the first tlow regulating passage 76 may have a structure in
which the opening area of the plug 765 varies according to
the position 1n the direction of mnsertion into the tlow passage
main body 76a, and the area of the guide hole 76¢ may be
adjusted by adjusting the position of the plug 766 i the
direction of insertion into the flow passage main body 76a.

The second flow regulating passage (rim seal air flow
regulating passage) 78 1s a pipeline formed between the first
cavity 62 and the rim seal space 75. One end of the second
flow regulating passage 78 on the side of the first cavity 62
1s an opening 120 and the other end on the side of the rim
seal space 75 1s a discharge opening 122. The second flow
regulating passage 78 1s disposed 1n a direction parallel to
the radial direction.

The second flow regulating passage 78 has a flow passage
main body (plug hole) 78a, and a plug 785 detachably
provided in the flow passage main body 78a. The flow
passage main body 78a 1s a hole penetrating the stationary
body 52, and provides communication between the first
cavity 62 and the rim seal space 75. The flow passage main
body 78a has a structure for supporting the plug 785, for
example, a threaded hole or concave and convex shapes. The
plug 785b 1s a bolt, pin, or the like that 1s detachably attached
to the flow passage main body 78a. The plug 785 has a guide
hole 78c¢ that penetrates the plug 786 1n a direction along the
flow passage main body 78a.

With the plug 786 inserted into the flow passage main
body 78a, the second flow regulating passage 78 allows
cooling air to be supplied from the first cavity 62 to the rim
seal space 75 by passing through the guide hole 78c¢. It 1s
possible to adjust the flow passage resistance of the second
flow regulating passage 78 and the ease with which the
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cooling air passes therethrough by adjusting the area or the
position of the guide hole 78¢ of the plug 785 1nserted into
the flow passage main body 78a. As with the area of the
guide hole 76c¢, the area of the guide hole 78¢, which 1s the
opening area of the hole, can be adjusted by changing the
diameter or the side length of the opening. The area of the
guide hole 78¢ can be adjusted in the same manner as the
adjustment of the area of the guide hole 76c¢.

The cooling flow passage structure 50 further has a
maintenance hole 98 formed in a part of the stationary body
52 located on the radially outer side of the second tlow
regulating passage 78, at a position coinciding with the
second flow regulating passage 78 in the rotation direction
(circumierential direction). The maintenance hole 98 1s
closed with a detachable sealing mechanism. Provided with
the maintenance hole 98, the cooling flow passage structure
50 allows replacement and adjustment of the plug 786 that
1s the flow regulating means of the second tlow regulating
passage 78. Thus, the maintenance can be made easy. In the
case where the second tlow regulating passage 78 extends 1n
a direction inclined relative to the radial direction, the
cooling tlow passage structure 50 can be provided with the
maintenance hole 98 at a position facing, in the extension
direction of the second flow regulating passage 78, the
discharge opening 122 of the second flow regulating passage
78 leading to the nnm seal space 75, so that the second tlow
regulating passage 78 1s accessible from the maintenance
hole 98.

In the cooling flow passage structure 50, if the first flow
regulating passage 76 1s formed at a position coinciding with
the second tlow regulating passage 78 in the rotation direc-
tion (circumierential direction) as i1n this embodiment, the
plug 765 that 1s the flow regulating means of the first flow
regulating passage 76 can be replaced or adjusted by remov-
ing the plug 786 of the second tlow regulating passage 78.
In this case, it 1s preferable that the flow passage of the first
flow regulating passage 76 1s formed in a direction parallel
to the radial direction. It 1s also preferable that the first flow
regulating passage 76 has the plug 765 iserted with 1ts head
(the end on the radially outer side of the rotating body)
oriented toward the maintenance hole 98. Thus, the main-
tenance can be made easier to perform. In the case where the
first flow regulating passage 76 and the second flow regu-
lating passage 78 extend in a direction inclined relative to
the radial direction, the cooling tlow passage structure 30
can be provided with the first flow regulating passage 76, the
second flow regulating passage 78, and the maintenance
hole 98 at positions facing each other in the extension
directions of the tlow regulating passages, so that the first
flow regulating passage 76 and the second tlow regulating
passage 78 are accessible from the maintenance holes 98.

In the cooling tlow passage structure 50 thus configured,
cooling air 1s supplied from the cooling passage 60 to the
first cavity 62. A part of the cooling air having been supplied
to the first cavity 62 1s supplied through the first cooling
passage 66 to the second cavity 64; another part 1s supplied
through the first flow regulating passage 76 to the second
cavity 64; yet another part 1s supplied through the second
flow regulating passage 78 to the rim seal space 75; and still
another part 1s supplied through the third cooling passage 69
to the cooling space 70. The cooling air having been
supplied to the cooling space 70 1s supplied to the bypass
space 72. A part of the cooling air having been supplied to
the bypass space 72 1s supplied through the jumper tube 74
to the rnm seal space 75, and another part 1s supplied to the
second cavity 64. The cooling air having been supplied to
the second cavity 64 1s supplied to the second cooling
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passage 67. The cooling flow passage structure 50 allows the
cooling air supplied thereto to flow through the parts and
thereby cool those parts.

Since the cooling tlow passage structure 50 1s provided
with the first flow regulating passage 76 along with the first
cooling passage 66, 1t 1s possible to regulate the flow rate of
the cooling air supplied from the first cavity 62 to the second
cavity 64 by adjusting the plug 765 that 1s the tlow regu-
lating means of the first flow regulating passage 76. In this
way, the cooling air supplied from the first cavity 62 to the
second cavity 64 can be regulated without adjusting the
shape or the arrangement of the swirl flow guide nozzles 79.
Thus, the regulation 1s made easy, and the flow rate of
cooling air supplied to the parts can be regulated easily even
when the properties of gas turbine cooling air have changed
due to changes 1n specifications or aging.

Since the cooling flow passage structure 50 1s provided
with the second flow regulating passage 78, 1t 1s possible to
regulate the cooling air supplied from the first cavity 62 to
the rim seal space 75 by adjusting the plug 785 that 1s the
flow regulating means of the second flow regulating passage
78. In this way, the cooling air supplied from the first cavity
62 to the rim seal space 75 can be regulated through
replacement etc. of the plug. Thus, the regulation 1s made
casy, and the flow rate of cooling air supplied to the parts can
be regulated easily even when the properties of gas turbine
cooling air have changed due to changes 1n specifications or
aging. Moreover, since the amount of cooling air supplied
from the first cavity 62 can be regulated in the cooling tlow
passage structure 50, the amount of air supplied can be
regulated more easily and within a wider range than when
the amount 1s regulated by the jumper tube 74.

Here, 1t 1s preferable that, 1n the cooling flow passage
structure 50, the opening 100 of the first flow regulating
passage 76 on the side of the first cavity 62 1s disposed at a
position facing, 1n the rotation direction 48 (circumierential
direction 49) of the rotating body 51, the end surface 79a of
the swirl flow guide nozzle 79 on the upstream side 1n the
flow direction 44 as shown 1n FIG. 3. That 1s, 1t 1s preferable
that, 1n the cooling flow passage structure 50, the opening
100 1s disposed at a position overlapping the end surface 79qa
(leading edge in the axial direction 46) of the swirl flow
guide nozzle 79 in the circumierential direction 49. I the
opening 100 1s disposed at a position facing the end surface
79a of the swirl tlow guide nozzle 79 on the upstream side
in the flow direction 44, the cooling air can flow 1n from a
part where the flow velocity of the cooling air 1s low, and
thus the cooling air can flow 1n efliciently, 1.e., with little
pressure loss. It 1s similarly preferable that, in the cooling
flow passage structure 50, the opening 120 of the second
flow regulating passage 78 on the side of the first cavity 62
1s disposed at a position facing, in the circumierential
direction 49 of the rotating body 51, the end surface 79a of
the swirl tlow guide nozzle 79 on the upstream side in the
flow direction 44 as shown 1n FIG. 3. That 1s, 1t 1s preferable
that, 1n the cooling flow passage structure 50, the opening
120 1s disposed at a position overlapping the end surface 79qa
(leading edge in the axial direction 46) of the swirl flow
guide nozzle 79 1n the circumierential direction 49. If the
opening 120 1s disposed at a position facing the end surface
79a of the swirl tlow guide nozzle 79 on the upstream side
in the flow direction 44, the cooling air can flow 1n from a
part where the flow velocity of the cooling air 1s low, and
thus the cooling air can tflow 1n efliciently, 1.e., with little
pressure loss.

It 1s preferable that, 1n the cooling tlow passage structure
50, the position of the swirl flow guide nozzle 79 and the
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position of the second cooling passage 67 are close to each
other in the radial direction of the rotating body 51. Thus, the
cooling air can be efliciently supplied to the second cooling
passage 67.

In the cooling flow passage structure of the above
embodiment, the discharge opening 102 of the first tlow
regulating passage 76 leading to the second cavity 64 1s
formed 1n the surface of the second cavity 64 that extends 1n
the axial direction and the circumierential direction of the
rotational axis, and the end part of the first flow regulating
passage 76 on the side of the discharge opening 102 has a
shape that extends 1n a direction inclined toward the rotation
direction of the rotating body 51 relative to the radial
direction of the rotating body 31. However, the present
invention 1s not limited to this example. For example, the
end part on the side of the discharge opening 102 may be
parallel to the radial direction of the rotating body 51.
Moreover, 1n the cooling tlow passage structure of the above
embodiment, the discharge opening 102 of the first flow
regulating passage 76 leading to the second cavity 64 may
be formed 1n the surface of the second cavity 64 that extends
in the radial direction and the circumierential direction of
the rotational axis. That 1s, the pipeline of the first flow
regulating passage 76 may extend along the axial direction.
In this case, the end part of the first flow regulating passage
76 on the discharge opening side may have a shape extend-
ing parallel to the axial direction of the rotating body 51 or
may have a shape extending in a direction inclined toward
the rotation direction of the rotating body 31 relative to the
axial direction of the rotating body. These points apply to the
second flow regulating passage 78 as well.

It 1s preferable that, as 1n this embodiment, when seen
from the axial direction of the rotating body, the guide hole
76c¢ of the first flow regulating passage 76 1s inclined relative
to a line that passes through the center of the rotating body
51 and extends 1n the radial direction of the rotating body 51.
Thus, the air flow can be swirled in the rotation direction,
and the loss of air flowing into the second cavity 64 can be
reduced. While the guide hole 76c¢ i1s provided in the
structure of this embodiment, the present invention 1s not
limited to this example. If the first flow regulating passage
76 of the cooling tlow passage structure has a shape that 1s
inclined, when seen from the axial direction of the rotating
body, relative to a line that passes through the center of the
rotating body 51 and extends in the radial direction of the
rotating body 51, the air flow can be swirled 1n the rotation
direction and the loss of air flowing into the second cavity
64 can be reduced.

It 1s preferable that, as 1n this embodiment, there are the
pluralities of first tlow regulating passages 76 and second
flow regulating passages 78 disposed 1n the rotation direc-
tion (circumierential direction) of the rotating body 51, and
that these flow regulating passages are disposed evenly in
the rotation direction (circumierential direction). Thus,
variation 1n supply state of cooling air among the positions
in the rotation direction (circumierential direction) can be
prevented, and uniform cooling can be realized. While 1t 1s
preferable that the first flow regulating passages 76 and the
second flow regulating passages 78 are disposed uniformly
in the rotation direction (circumierential direction) as
described above, these flow regulating passages may be
disposed non-uniformly. Moreover, the first flow regulating
passages 76 and the second tlow regulating passages 78 may
vary 1n direction or shape according to the positions at which
these tflow regulating passages are disposed.

Here, the positions of formation of the first flow regulat-
ing passages 76 and the second tlow regulating passages 78
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are not particularly limited as long as these flow regulating
passages provide communication between the spaces. The
first tflow regulating passages 76 have to be formed as flow
passages different from the first cooling passage 66. Spe-
cifically, a circle connecting the discharge openings 102 of 5
the first tlow regulating passages 76 and centered at the
rotational axis has to be oflset in at least one of the radial
direction and the axial direction of the rotating body 51 from
a circle connecting the discharge opening 92 of the first
cooling passage 66 and centered at the rotational axis. 10

For example, the first flow regulating passage 76 may
extend along a direction at a right angle to the axial direction
of the rotating body 51, and may be formed turther on the
radially center side of the rotating body 51 than the swirl
flow guide nozzle 79. 15

In the following, modified examples of the relative posi-
tions of the first cooling passage and the first flow regulating
passage will be described using FIG. 7 to FIG. 9. FIG. 7 to
FIG. 9 are schematic views representing cooling tlow pas-
sage structures of the gas turbine. A cooling flow passage 20
structure 50a shown 1n FIG. 7 1s provided with a first cooling
passage 166a and a first flow regulating passage 176a as
flow passages that provide communication between a {first
cavity 162a and a second cavity 164a. The discharge open-
ing of the first tlow regulating passage 176a leading to the 25
second cavity 164q 1s formed 1n the surface of the stationary
body 52 that extends in the axial direction and the circum-
terential direction of the rotational axis. While the positions
of the first cooling passage 166a and the first flow regulating
passage 176a 1n the radial direction of the rotating body 51 30
overlap each other, the positions of these passages in the
axial direction are offset from each other. In such a cooling
flow passage structure 50a, too, providing the first tlow
regulating passage 176a can achieve the above-described
cllects. 35

A cooling tlow passage structure 5305 shown 1 FIG. 8 1s
provided with a first cooling passage 1665 and a first flow
regulating passage 1766 as flow passages that provide
communication between a first cavity 1626 and a second
cavity 1645. The discharge opening of the first flow regu- 40
lating passage 1765 leading to the second cavity 1645 1is
formed 1n the surface of the stationary body 52 that extends
in the radial direction and the circumierential direction of
the rotational axis. While the positions of the first cooling
passage 1665 and the first tflow regulating passage 1765 in 45
the radial direction of the rotating body 31 are offset from
cach other, the positions of these passages in the axial
direction partially overlap each other. In such a cooling tlow
passage structure 505, too, providing the first tlow regulating,
passage 1765 can achieve the above-described eflects. 50

A cooling flow passage structure 50c¢ shown in FIG. 9 1s
provided with a first cooling passage 166¢ and a first flow
regulating passage 176c¢ as tlow passages that provide com-
munication between a first cavity 162¢ and a second cavity
164c. The first cooling passage 166¢ 1s formed further on the 55
side of the supply passage 60 (radially inner side of the
rotating body 51) 1n the axial direction of the rotating body
51 than the first flow regulating passage 176c¢. The pipeline
of the first flow regulating passage 176¢ extends in a
direction inclined relative to the axial direction and the 60
radial direction. In such a cooling flow passage structure
50¢, too, providing the first flow regulating passage 176¢ can
achieve the above-described eflects.

In the above embodiment, the tlow regulating means of
both the first flow regulating passage 76 and the second flow 65
regulating passage 78 are plugs with the guide hole. How-
ever, the present invention 1s not limited to this example.

12

Any mechanism can be adopted that can adjust the flow
passage resistance of the first flow regulating passage 76 and
the second flow regulating passage 78 and the ease with
which cooling air flows therethrough while being detachably
attached to the tlow passage main bodies of the first flow
regulating passage 76 and the second flow regulating pas-
sage 78. For example, a screw provided with an opening that
varies 1n size according to the amount of nsertion into the
flow passage main body may be used as the tlow regulating
means.

REFERENCE SIGNS LIST

10 Gas turbine

11 Compressor

12 Combustor

13 Turbine

50 Cooling flow passage structure

51 Rotating body

52 Stationary body

60 Supply passage

62 First cavity

64 Second cavity

66 First cooling passage

67 Second cooling passage

69 Third cooling passage

70 Cooling space

72 Bypass space

74 Jumper tube

75 Rim seal space

76 First flow regulating passage

76a, 78a Flow passage main body (plug hole)

76b, 786 Plug (flow regulating means)

76¢c, 78¢ Guide hole

78 Second tlow regulating passage (rim seal air flow regu-
lating passage)

79 Swirl flow guide nozzle

79a End surface

80, 81, 82, 83 Sealing mechanism (labyrinth seal)

90, 100, 120 Opening

92, 102, 122 Discharge opening

The mvention claimed 1s:

1. A gas turbine 1n which a stationary body and a rotating
body are positioned and the rotating body 1s configured to be
supplied with cooling air, the gas turbine comprising:

a first cavity defined inside the stationary body and

configured to be supplied with the cooling air;

a second cavity defined between the stationary body and
the rotating body;

a first cooling passage defined between the first cavity and
the second cavity and having a swirl flow guide nozzle
therein configured to supply the cooling air from the
first cavity to the second cavity while swirling the
cooling air from the first cavity along a rotation direc-
tion of the rotating body;

a second cooling passage defined 1n the rotating body, 1n
communication with the second cavity, and configured
to be supplied with the cooling air from the second
cavity;

a flow regulating passage which i1s a cooling air flow
passage, diflerent from the first cooling passage,
defined between the first cavity and the second cavity
and through which the cooling air from the first cavity
1s configured to be supplied to the second cavity;
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a bypass space defined between the rotating body and the
stationary body, the bypass space being further radially
inward than the first cavity and further upstream than
the second cavity;

a rim seal space defined between the stationary body and
a surface of the rotating body that extends in a radial
direction and a circumfterential direction; and

a jumper tube that 1s a pipeline defined 1n the stationary
body, the jumper tube passing through an interior of the
first cavity and communicating the bypass space with
the rim seal space,

wherein:

a position of an opening of the flow regulating passage on
a side of the first cavity 1n an axial direction 1s between
the jumper tube and the swirl flow guide nozzle 1n the
interior of the first cavity;

the flow regulating passage has tlow regulating means;

the flow regulating means has a guide hole; and

an area or a position of the guide hole 1s adjustable such
that the flow regulating means 1s configured to regulate
a flow rate of the cooling air from the first cavity.

2. The gas turbine according to claim 1, wherein:

the swirl tlow guide nozzle 1s one of a plurality of swirl
flow guide nozzles around an axis of the rotating body;
and

the flow regulating passage 1s one of a plurality of flow
regulating passages around the axis of the rotating
body.

3. The gas turbine according to claim 1, wherein the flow
regulating means 1s a plug that 1s detachably attached to the
flow regulating passage.

4. The gas turbine according to claim 3, wherein, from an
axial direction of the rotating body, the guide hole 1s inclined
relative to a line that passes through a center of the rotating,
body and extends in a radial direction of the rotating body.

5. The gas turbine according to claim 1, wherein, from an
axial direction of the rotating body, the flow regulating
passage 1s inclined relative to a line that passes through a
center of the rotating body and extends in a radial direction
ol the rotating body.

6. The gas turbine according to claim 1, wherein:

a discharge opening of the flow regulating passage which
leads to the second cavity 1s defined 1n a surface of the
stationary body that extends 1n a radial direction and a
circumfterential direction of a rotational axis; and

an end part of the flow regulating passage on a discharge
opening side extends 1n a direction parallel to an axial
direction of the rotating body, or 1n a direction inclined
toward the rotation direction of the rotating body
relative to the axial direction of the rotating body.

7. The gas turbine according to claim 1, wherein:

a discharge opening of the tlow regulating passage which
leads to the second cavity 1s defined 1n a surface of the
stationary body that extends in an axial direction and a
circumferential direction of a rotational axis; and

an end part of the flow regulating passage on a discharge
opening side extends in a direction parallel to a radial
direction of the rotating body, or 1n a direction inclined
toward the rotation direction of the rotating body
relative to the radial direction of the rotating body.

8. The gas turbine according to claim 1, further compris-

ng:

a rim seal air flow regulating passage that 1s a cooling air
flow passage, diflerent from the first cooling passage
and the flow regulating passage, defined between the
first cavity and the rim seal space,
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wherein the rim seal air flow regulating passage has rim
seal air flow regulating means for regulating the flow
rate of the cooling air from the first cavity to the rim
seal space.

9. The gas turbine according to claim 8, wherein:

the nm seal air tlow regulating means 1s a plug that 1s
detachably attached to the rim seal air flow regulating
passage, and

the plug has a guide hole for the cooling air to flow
through.

10. The gas turbine according to claim 8, wherein an
opening of the rim seal air tlow regulating passage on the
first cavity side 1s at a position overlapping a leading edge
of the swirl flow guide nozzle in the circumierential direc-
tion of the rotating body.

11. The gas turbine according to claim 1, wherein the
second cavity 1s partly defined by a stationary member of the
stationary body 1n which the first cooling passage 1s defined
and by a disc of a rotor that 1s the rotating body on which a
first-stage blade 1s mounted.

12. The gas turbine according to claim 1, wherein the
second cooling passage 1s further on a downstream side in an
axial direction of the rotating body than the swirl flow guide
nozzle, and extends along the axial direction inside a disc of
the rotor that 1s the rotating body.

13. The gas turbine according to claim 1, further com-
prising a third cooling passage defined through a surface on
a radially 1inner side of the first cavity and 1n communication
with a cooling space defined between the rotating body and
the stationary body, the third cooling passage being a flow
passage of the cooling air that 1s different from the first
cooling passage and the flow regulating passage.

14. A gas turbine 1n which a stationary body and a rotating
body are positioned and the rotating body 1s configured to be
supplied with cooling air, the gas turbine comprising:

a first cavity defined inside the stationary body and

configured to be supplied with the cooling air;

a second cavity defined between the stationary body and
the rotating body;

a first cooling passage defined between the first cavity and
the second cavity and having a swirl flow guide nozzle
therein configured to supply the cooling air from the
first cavity to the second cavity while swirling the
cooling air from the first cavity along a rotation direc-
tion of the rotating body;

a second cooling passage defined 1n the rotating body, 1n
communication with the second cavity, and configured
to be supplied with the cooling air from the second
cavity; and

a flow regulating passage which i1s a cooling air flow
passage, different from the first cooling passage,
defined between the first cavity and the second cavity
and through which the cooling air from the first cavity
1s configured to be supplied to the second cavity,

wherein:

the flow regulating passage has tlow regulating means for
regulating a tflow rate of the cooling air; and

an opeming ol the flow regulating passage on the first
cavity side 1s at a position overlapping a leading edge
of the swirl tlow guide nozzle 1n a circumierential
direction of the rotating body.

15. A gas turbine 1n which a stationary body and a rotating
body are positioned and the rotating body 1s configured to be
supplied with cooling air, the gas turbine comprising:

a first cavity defined inside the stationary body and

configured to be supplied with the cooling air;
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a second cavity defined between the stationary body and
the rotating body;

a {irst cooling passage defined between the first cavity and
the second cavity and having a swirl flow guide nozzle
therein configured to supply the cooling air from the 5
first cavity to the second cavity while swirling the
cooling air from the first cavity along a rotation direc-
tion of the rotating body;

a second cooling passage defined 1n the rotating body, in
communication with the second cavity, and configured 10
to be supplied with the cooling air from the second
cavity; and

a flow regulating passage which 1s a cooling air flow
passage, different from the first cooling passage,
defined between the first cavity and the second cavity 15
and through which the cooling air from the first cavity
1s configured to be supplied to the second cavity,

wherein:

the flow regulating passage has flow regulating means for
regulating a flow rate of the cooling air; and 20

a rim seal air flow regulating passage 1s defined at a
position overlapping the flow regulating passage 1n the
circumierential direction of the rotating body.

16. The gas turbine according to claim 135, wherein the
stationary body has a maintenance opening defined at a 25
position distanced from a rotational axis of the rotating body
turther than the rim seal air flow regulating passage and
facing a discharge opening of the rim seal air flow regulating
passage which leads to the nm seal space.
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